The requirement of metabolic energy for the accumulation of ions by plant roots is well documented in published literature. Anaerobiosis, uncouplers of energy transfer, and inhibitors of respiration have all been shown to inhibit ion uptake. It has generally been considered that metabolic energy is required for the transpor,t of ions across cell membranes.
In recent years evidence that the permeability of cell membranes may be modified by unfavorable conditions has been presented. Rains et al. (15) reported that Rb+ uptake by barley roots from solutions of high acidity decreased with time. The effect of acidity was attributed to injury to the transport mechanism. Addition of Ca2+ to the treatment solution prevented this injury. Marschner et al. (13) found that the loss of K+ by sections of corn roots to the bathing medium was increased markedly when the solution pH was decreased from 7.0 to 5.5. The presenee of Ca2+ in the medium reduced the loss of K+, and they suggested that H+ increases cell permeability by removal of Ca24 from membrane sites rendering K+ bound in the cytoplasm more easily exchangeable.
H,andley and Overstreet (4) suggested that Sr2+ u,ptake by corn roots is limited by the outer cell membrane, which is metabolically maintained and is readily destroyed under anaerobic conditions. Marschner et al. (13) reported that K+ loss from corn root sections wA-as mtuch greater under anaerobic conditions than iunider normal aeration. Electron microscopic stutdies indicated that the cytoplasm of roots treated anaerobically was deranged and muich less dense than that of roots receiving air. Treatment of roots at pH 4.4 for 3 hours gave similar results. In both cases, Ca2+ was beneficial in preserving the fine structure of the cytoplasm.
Schaedle and Jacobson (16) reported that Chlorella cells exposed to dark-No conditions accumulated less K+ after return to air-light conditions than did cells which did not receive the anaerobic treatment. Likewise, the photosynthetic capacity of leaves of plants is damaged irreversibly when they are kept under N2 in darkness (12) . In general, aerobic metabolism appears to be required to maintain the integrity of aerobic cells.
We Solutions from the 30-minute and 1-hour treatments were only slightly buiffered. Solutions from 2, 3, and 4 hour treatments were highly btuffered, corresponding to the appearance of organic and amino acids in the medium.
The roots used in the precedinig experimnMt received all their K-from the seed. The Cl-content of these roots was less than 3 tteq/'g. Tihe results are shown in figure 3 . The pattern o,f K+, organic acid, and amino acid lioss was similar to that for the low-saVt roots. Chloride loss followed a si,milar pattern. Loss of K+, ClP, organic acids, and amino acids from roots aerated for 3 hours in 0.2 mM CaSO4 was 3.5, 0, 2.2, and. 1.5 ,ueq/g respectively. ever, during this period there was a negligible quantity of organic acids appearing in the solutions.
The organic acids disappearing from the tissue during the initial perio-d were apparently utilized in cellular reactions. Because the solutions were devoid of CO2 and because respiration was blocked by lack of 02, the CO2 content of the cells was very low. It is likely that the low CO2 content shifted the equilibrium of transcarboxylation reactions toward decarboxylation. It has been postulated that P-enolpyruvate carboxykinase catalyzes this reaction (5, 7). The increase in buffering capacity of the solutions and the rapid appearance of organic and amino acids in the solutions indicate that cell membranes were injured after an hour of anaerobiosis.
During the first hour K+ loss from low-salt roots was stoichiometric with organic acid disappearance. The pH of the medium increased during this period which may have been due to the loss of K+ from the cell as KHCO. The decline in solution pH after 1 hour was likely due to leakage of undissociated organic and amino acids since leakage of these exceeded the rate of loss of K+.
Inhibition of respiration by NaCN also resulted in an immediate decline in K+ and organic acids. Literature Cited
